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(57) Abstract 

A plurality of movable objects as aircraft are provided with GPS receivers, enabling the individual determination of longi- 
tude and latitude. Further, the receiver will also give a very precise time. According to the invention, this precise time is used to 
enable all objects of the plurality to transmit in a predetermined radio frequency their identities and positions in precisely deter- 
mined time blocks. By allocating the frequencies in VHF or UHF, the range of receivability is limited, such that the system may 
be worldwide. Transmissions may be received by all the participants as well as by air traffic monitoring centers at ground. 
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A position indicating system 
5 BACKGROUND OF THE INVENTION 

The invention regards a system for indicating the positions 
of movable objects, which enables for a population of movable 
objects or stations to keep trace of one another and for a 
10 central station or a number of central stations, in some 

cases, to keep trace of the positions of individual and/or 
all the members of that population. 



Systems for the determination of position are well-known 
15 since a very long time, e.g. the DECCA system, the LORAN 

system, the VLF OMEGA system, NDB, VOR and DME. For the use 
of central stations , there are known different types of radar 
systems, such as primary radar (PSR) and secondary surveil- 
lance radar (SSR). The SSR radar system includes a ground 
20 based interrogator and SSR Transponders in the movable ob- 

jects. 

In recent times has been created the American GPS (Global 
Positioning SYSTEM) and a Russian corresponding system called 

25 GLONASS, which both build on time signals sent from satelli- 

tes having known orbit elements. When at least four such 
satellites are above the horizon, it is possible to obtain 
locally an unequivocal position with a very high accuracy. 
Devices for obtaining such position information are well- 

30 known and commercially available, making it superfluous here 

to describe them in more detail than is necessary for the 
description of the present invention. 

The fact that a precise position can be obtained with eguip- 
35 ment having a reasonable price has led to its proposed use 

for navigating and surveillance for e.g. aviation, the cong- 
estion of which has become notorious in recent years. Accor- 
ding to GB-A-2 155 720, it has been proposed to include in an 
aircraft Transponder response to an interrogation from a 
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control station, not only its usual identification response, 
but also the position determined by GPS of the movable object 
carrying the transponder . 

5 In US patent 4,835,537, hereby included by reference, it is 

proposed to obtain an anti-collision system where aircraft, 
runways, fixed obstacles and land vehicles on airports signal 
their positions to all participants. Thereby, the signaling 
is made in a single radio channel for all participants, each 
10 participant seeking a moment when the channel is unoccupied 

and starting signalling its message after the lapse of a 
random wait time. The transmitting power is held at a low 
level in order not to exceed an air volume radius of a moni- 
tored airspace. 

15 

At present, the responsibility to monitor and control the air 
traffic around the earth is divided into a number of Area 
Control Centers (ACC) or Flight Information Centers (FIC), 
each of them having responsibility over dedicated regions 

20 (Flight Information Regions - FIRs) within which ground 

monitoring and control of air traffic operationg in certain 
or all parts of the airspace and/or to provid certain servi- 
ces to aircraft which have filed a flight plan. Each time, a 
aircraft leaves one of those FIRs, the control center of the 

25 next FIR is notified about the trajectory taken, so that the 

aircraft can be detected or identified. Before entering into 
the next FIR the crew of the aircraft is ordered to establish 
radio contact with the control center which FIR the aircraft 
is about to enter. 

30 

The air traffic must follow a limited number of air corri- 
dors, often called "airways", or predetermined routes. The 
airways are established along ground based radio navigation 
beacons or by a . combination of the locations of such radio 
35 navigation beacons and "fixed points" determined by the 

distance and bearing to/ from such ground based beacons. The 
aircraft are navigating by means of receivers on board which 
can detect the signals from the ground based radio navigation 
beacons and has a display unit which shows the ocation of the 
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aircraft in relation to the ground based beacon. Over and in 
the vicinity of land also the control centers are monitoring 
and controlling the movements of aircraft by radar. The 
minimum lateral separation between aircraft flying at the 
same altitude in these radar controlled areas can vary bet- 
ween normally 5 - 10 nautical miles. On final approach to an 
airport, the minimum radar separation between aircraft is 
typically 3 nautical miles* In areas without radar coverage, 
the minimum separation for air traffic at the same altitude 
and track is normally 10 minutes, which, depending oh the 
speed of the aircraft, corresponds to a distance of up to 
80 - 90 nautical miles. 



10 



Air traffic over the oceans follows predetermined routes. Due 
15 to the fact that it is not possible to determine an aircraft 

position by means of ground based radio beacons or by radar 
when operating over the oceans, the separation between air- 
craft must be significantly increased. Normally, the minimum 
lateral separation between aircraft flying on the same track 
20 and at the same altitude is, as in the case over the North 

Atlantic, 60 nautical miles. 

At present, the number of airways and routes is limited, and 
aircraft have to be confined to so-called ".slots", which are 
apportioned to the air companies or to the individual air- 
25 craft, often very long in advance. Should an aircraft by any 

reason be delayed for a few minutes on the ground, and miss 
its slot, this may cause additional delays of up to several 
hours before the aircraft can obtain a new free slot. 

30 Special flow management or flow control units are established 

in many areas of the world. The need for these flow manage- 
ment units and the slot allocation procedures is caused by 
the lack of capacity in the airways system, along the flight 
routes and at the busy airports. 



35 



At airports, the capacity is limited by a number of different 
factors. Basically, the number of runways, taxiways and 
aircraft gates, meteorological conditions, navigation and 
landing equipment, air traffic control procedures, etc., are 
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important elements which separately or collectively affect 
the capacity. In situations with poor visibility, the capaci- 
ty problems are increasing, mainly due to the inability of 
present technology to provide air traffic control with the 
capability to monitor and control aircraft and ground vehicle 
movements. The runway occupancy times are also Increasing as 
aircraft have to taxi at lower speeds due to difficulties to 
navigate on the ground in poor visibility. This also reduces 
the airport capacity. 

The number of incidents and fatal accidents caused by poten- 
tial or actual collisions between aircraft on the ground and 
aircraft and ground vehicles has increased over the last 
decades. The number of such serious incidents reported in the 
USA is in the order of 5 - 7 per 100,000 take-off and lan- 
dings. A n umb er of fatal accidents have occured over the 
years. 

A system which can offer the possibilities for air traffic 
control to monitor and control aircraft ground operations as 
well as ground vehicle movements, having each member in the 
system transmitting its position and identification, presen- 
ting that information presented to air traffic control, e.g. 
on a display, as well as providing the same information to 
the pilots, and which information could also be used to guide 
the aircraft movements would be of significant importance to 
the improvement of airport capacity and safety. 

The capacity and safety problems are expected to become worse 
as air traffic is forecasted to continue to grow at a relati- 
vely high rate. A doubling of the present number of air 
passengers (approx. 1.2 billion) and an alomost proportional 
increase thereto of the number of aircraft operations is 
expected over the next 10 - 12 years. 

According to a spokesman for the German Aerospace Research 
Establishment, "If we could get one additional la n di n g per 
hour at Frankfurt, over a year it would mean 10 million 
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deutschmarks savings in delays." (New scientist 16 November 
1991 p. 23). 

Several international working groups have been established to 
5 review the present situation and to recommend actions to be 

taken to improve the capacity of the present air navigation 
an air traffic control system, as well as for the improvement 
of the safety on the ground. Several of these working groups 
are conducting their work under the auspices of the Interna- 
10 tional Civil Aviation Orgainzation - ICAO. In several coun- 

tries, especially in the USA, significant efforts cure being 
made to solve the safety problems related to ground opera- 
tions at airports. 



15 



Thus, it is globally recognized that there is a shortage of 
capacity and that significant economic savings are possible 
if systems which can provied an improved capability to con- 
trol and monitor the air traffic can improve both safety and 
capacity. 



20 



OBJECTS AND SUMMARY OF THE INVENTION 

It is a general object of the invention to obtain a system 
25 for the control of a population of movable entities as to 

their locations, by each member sending out own positions in 
a common radio channel, and which admits even very large 
populations, for avoiding collisions and admitting of central 
control. Populations envisaged can be aircraft, ground ve- 
30 hides or ships. In order for such a system to work opti- 

mally, it is necessary to avoid not only collisions of a 
purely physical nature, but also collisions of a communica- 
tions nature, both as concerns actual collisions meaning that 
more than one participant transmits simultaneously so that 
35 they disturb each other, and inability to transmit due to 

congestion of the common communication channel. 



Specifically for aviation purposes, it is an object to obtain 
a system which can be used by an aircraft everywhere without 
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exception. Collision risks are naturally highest where traf- 
fic is dense, but random accumulations of aircraft could pop 
up practically anywhere around- the earth* 

5 A further object for aviation puposes is to create a better 

possibility of distributing aircraft, in order to increase 
the airspace capacity, by avoiding the necessity of the 
beacon infrastructure through a distributed localization, 
each aircraft having its own means enabling it to follow any 

10 predetermined corridor or route, which does not have to be 

materialized by common landbased hardware. Particularly where 
beacon systems have not yet been installed, great savings are 
possible in this respect. Further, when routes may be defined 
which do not depend on a beacon system, the number of routes 

15 may be increased practically at will, and it is possible to 

avoid present congestion at least outside the neighbourhood 
of airports. Bottlenecks in takeoff and landing can also be 
avoided to a great extent if systems for air traffic control 
are improved, so that lateral and/or vertical separation 

20 between aircraft can be reduced and the airspace capacity can 

be improved without increased collision risk. 

On long-haul flights over sea or uninhabited areas, there is 
presently no systems available for accurate surface control 

25 of aviation, since the aircraft cannot be detected by e.g. 

radar. It is a further object of the invention to enable 
aircraft in such positions to be able to report their posi- 
tions to central control, preferentially by satellite commu- 
nication, and the frequency of the reporting xaay then be 

30 decided in the aircraft in dependence of local traffic in- 

tensity, to be determined by the system. 



Said objects and other objects and advantages are obtained, 
according to the invention, by means of a position indicating 
35 system comprising a population of simultaneously active 

mo vab le stations, which each sense their geographical posi- 
tions through the reception of signals from geometrically 
distributed transmitters having known positions, and wherein 
each participating station has a transmitter for sending out 
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in a radio channel common to the system of signals indicating 
own identities and geographical positions, and memory means 
for storing of signals from other participating movable 
stations, and whereby according to the invention each station 
5 has handling means, as a computer, comprising a time base 

which is precision controlled by time signals received from 
said geometrically distributed transmitters, said time base 
defining time blocks standardized thereto and enumerable in a 
predetermined, repetitive maximum frame, said memory means 

10 registering free time blocks where no transmission is per* 

ceived, means for selecting one of said free time blocks for 
own repetitive transmission of identity and position therein, 
said transmitter working in a frequency having a range sub- 
stantially confined to the line of sight, and preferably 

15 means for randomly switching of a used one of said time 

blocks for another block registered as free. According to a 
preferred embodiment, each station also determines traffic 
density in its environment and decides in function thereof 
how many time blocks are to be used in successive frames. 

20 

It is preferred to have in each station a monitor or the 
like, to show the locations of other stations superimposed on 
e.g. a map. Another advantageous feature is the determination 
of actual risk of collision due to geographical neighbour- 

25 hood, for warning the crew with a danger signal. As there is 

an established network of ground control centers (Area Con- 
trol Centers - ACC or Flight Information Centers - FIC) for 
the control or monitoring of all air traffic movements, all 
aircraft movements should be reported to ground, so that in 

30 principle only air traffic control can allocate a change of 

routing including altitude. In uninhabited regions, the 
signalling of dangerous congestion to the ground control 
centers should be made by satellite communication. 

35 A particular safety and redundancy feature is the possibility 

to use the transmission from other movable objects and/or 
ground stations for secondary localization purposes. If an 
aircraft loses the facility of satellite localization, it is 
possible for that aircraft to keep its timebase working by 
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synchronizing to the other movable objects' and/or ground 
stations' transmissions , and since those aircraft cure emit- 
ting position signals, in precise timing according to good 
timing in UTC time, they may serve as a secondary system of 
geometrically distributed transmitter s , replacing the satel- 
lites . 

According to a preferred embodiment of the inventive system, 
it is intended that a ground station, e.g. at an airport, 
shall be able to order nearby aircraft to stop transmitting 
spontaneously and switch over to transmitting in ordered mode 
in time blocks in the maximum frame, which are designated by 
the station. The ground station would need to give this order 
only once, which means a great saving in canal occupation 
compared to conventional polling. In comparison to presently 
used radar surveillance, there is the certain advantage that 
aircraft coming in towards an airpart will not be s h adi n g 
each other even if they come in at a common direction. The 
order from the ground station may be modified for more frequ- 
ent transmission when the aircraft come closer i.e. for 
sending several times in each maximal frame. 

According to another preferred embodiment, the same system 
may be used for tracking ground traffic on e.g. an airport • 
Each vehicle allowed on the airfield would then carry a 
complete system, which signals to the ground control unit 
concerned and may also be received by the other vehicles or 
aircraft. At least the ground control station would then have 
a display with a map showing the movements of all the ve- 
hicles and aircraft, and also the vehicles may be similarly 
provided if desired. Aircraft similarly egipped will be shown 
as well. In view of the fact that large airports may have 
hundreds of vehicles and aircraft moving around, the system 
would greatly contribute to improving the safety. 

The local time bases can be made extremely precise when 
working in the GPS system, since each of the satellites emits 
time signals in UTC time. In order to calculate the position, 
a minimum of four satellites must be received, there being 
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unknown three space coordinates and time. Since the speed of 
light is known, the respective distances to the satellites 
and the true UTC time are determined from those time signals. 
(If the altitude is known, theoretically only three satelli- 
5 tes are necessary) . It can then be counted on to have an 

accuracy in UTC time available to about 100 ns. Evident 
military considerations have led to a time jitter of random 
character being added to the satellite time signals (called 
Selective Availability - S/A) , making it necessary for very 
10 exact position determination to have access to a ground 

station (called Reference Station) within coverage for com- 
pensating this time jitter. However, the time accuracy is 
quite sufficient for the purposes of the invention, as each 
station has access to a timebase having this kind of accura- 
ls cy. 

Instead of using such a high-precision time normal, it is also 
possible to arrange for one of the movable stations to be 
designated as a time master by drawing lots. In view of the 

20 good standard time available from the GPS satellites, it is 

preferred to utilize this time. However, if the GPS satellite 
receiver of one station fails, the timers of the other mo- 
vable stations may be used as a reserve facility. If the GPS 
satellites themselves fail, resort may be taken to the sig- 

25 nals sent in the transmission channel by existing fixed 

stations in airports, and the movable stations would be able 
to transmit their positions as known, giving a positioning 
system which is inferior but still usable in the emergency. . 
According to the invention, therefore, each movable station 

30 utilizes for transmission time blocks defined by a common 

timebase. Each station attempts to select time blocks which 
are not occupied by another station. Simultaneously, each 
station listens to the predetermined radio frequency and 
determines the relative positions of at least the nearest 

35 neighbors in relation to the own position. The own station 

determines going out therefrom how often it shall transmit. 
An aircraft over empty sea may perhaps send out its position 
once a minute, whereas another aircraft in very heavy traffic 
would have to send out its position in very short intervals. 
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In accordance with a preferred embodiment., the risk of colli- 
ding transmissions can be greatly diminished, in that an 
autonomously transmitting. station may signal. an indication in 
a regular transmission that it is going to switch time block 
and to which time block of those which are free the switching 
is to be made. This information is sent in the last message 
in the old block and possibly in one or more preceding sen- 
dings in this block. The other participants will then know 
this and will not collidingly appropriate this time block. A 
newcomer will listen to one or more maximal frames before 
transmitting and will therefore not try to transmit in a time 
block which is thus pre-appropriated. Thus, this type of 
collision could hardly occur except in the rare case when two 
newcomers are simultaneously entering and by chance both 
occupy a free time block. The probability of this is further 
diminished by the fact that entering the system is normally 
done when starting from an airport and will start transmit- 
ting ordered by the central control there. 

The invention is not limited to use in air traffic or at sea, 
but can also be used on land, in order to keep trace of 
trains, trucks, taxis or even animals provided with the 
necessary equipment. In certain cases and according to a 
particular embodiment, the central may order a participant to 
send more than its own position. Each station has stocked in 
its memory the positions of other movable stations, the 
signals of which it has received. It is then possible for the 
central station to demand the transmission of this memory 
content, making it possible for stations to be located, the 
transmissions of which have perhaps not been received by the 
central station. 

Going out from the fundamental idea that all the movable 
stations in the system have an accurate time base, the allo- 
cation of time blocks can be made in many ways, their length 
may be selected in many ways, as also the signaling speed and 
thereby the utilized bandwidth. 
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11 

In a representative case , and depending on the circumstances , 
the exchanged information in each transmission may be 150-200 
bits. With a transmission speed of 9600 baud, such a message 
takes a maximum of slightly over 20 ms. To switch from recep- 
tion mode to transmission mode takes time, 1-3 ms, and since 
a station must listen to all time blocks where it is not 
transmitting itself, it is necessary to arrange such dead 
time first in each time block, compensating for speed of 
light and making it possible for a transmitting station to 
listen to an eventual message in the next following time 
block. A suitable length of the time block could then be 
26.66 ms, so that each minute comprises 2250 time blocks. For 
practical reasons, it is suitable to let a certain period, 
e.g. one minute, be a kind of maximal frame. 

Each station listens to the traffic in the allocated frequen- 
cy and registers in its memory which time blocks are free, 
and also the position etc. for those stations, the signals of 
which are detected. This information is automatically treated 
in order to determine how near the neighbors are and how 
often the own transmission shall be made. Those who have no 
near neighbors do not need to transmit often, e.g. only twice 
or a few times per minute* 



The information may also be treated for showing on a monitor. 
In a suitable scale, then, the surrounding stations may be 
shown, with a vector, the length of which shows speed, and 
with numbers showing altitude. In contradiction to ordinary 
radar, this image or map is referred to a fixed coordinate 
system (plotted) . This simplif ies greatly the ocular analysis 
of eventual risks of collision. - In some cases, for instance 
when the object is to keep order on serving vehicules on an 
airport for avoiding collisions, it is possible to leave out 
the monitor in each vehicle, as it is then sufficient if the 
central control can survey the system on a monitor. 

As mentioned, it is envisaged that a station may be active in 
an autonomous mode or in a ground station ordered mode. In - 
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autonomous transmission mode, the individual station selects 
a time block which is not found occupied in previous liste- 
ning. In order to avoid that more than one station appropria- 
tes the same time block and blocks it, something none of them 
5 can perceive, being unable of simultaneous transmission and 

reception, they systematically change the selection of time 
block, at frequent intervals, using a random number generator 
(pseudo-random algorithm) . For instance, the station may jump 
for a randomly determined number of occupied time blocks to a 
10 free time block. If, as previously explained, the j limping is 

previously announced and the new time block thus preempted, 
mutual interference can be practically excluded. 

The ordered mode is normally set by an order from a fixed 

15 station, e.g. from the air control of an airfield (ground 

station ordered mode). The fixed station has the same time 
base and can call movable stations in a free time block, 
allocating individual time block series to them and making 
them stop autonomous transmitting, transmitting then only in 

20 said time block series. The air control station can then 

obtain positional information from the selected stations in 
arbitrary intervals. It is suitable to limit the available 
time blocks for the ordered mode to, say, 75 % of the whole 
ma x* Tim™ frame, but even with this limitation, there are 

25 available in the above-indicated example some 1685 time 

blocks per minu te. Even if as many as 50 aircraft are to be 
kept accurate track of, they can then transmit with inter- 
vals of about 2 seconds. This should be compeared to standard 
rotating radar systems, the antennas of which rotate slower 

30 than some 6-8 seconds per revolution. This example is very 

schematic, as aircraft are normally transmitting with diffe- 
rent rates, and the highest rate is necessary only for air- 
craft very near to an airport. 

35 Also the air traffic control can monitor the traffic on a 

display in an appropriate scale, and keep a surveillance of a 
far more precise quality than what has been possible hit- 
herto, particularly so in areas where radar systems cannot or 
have not been arranged. For countries which have not yet 
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availed themselves of Important ground based air traffic 
control infrastructure for aircraft control, the present 
invention could furnish a high-quality, cost effective alter- 
native to an infrastructure investment which may presently be 
5 beyond their available means . - Over regions presently out- 

side of radar coverage, movable stations may report by satel- 
lite communication the identity, position, altitude etc. to 
inform responsible ground control centers of all positions, 
and a ground station may then order an aircraft to change its 
10 heading or altitude in order to avoid collisions. In order to 

arrive at a precise time, thus avoiding crowding and queuing 
or circling in holding patterns before landing at the air- 
port, air traffic control may suggest that an aircraft should 
cruise at a certain speed. 

15 

The invention makes possible several advantages for the air 
traffic. A first advantage is that it is possible to dispense 
with aviation corridors - the airways, defined by radio 
beacons, which have previously led to congestion and someti- 

20 mes made the flight length between airfields longer than 

necessary. A second advantage is the improved possibility to 
keep track aircraft and ground vehicle movements. In many 
cases, the capacity of a runway can be increased. At dead 
calm, the air perturbations created by aircraft over the 

25 runway may remain during some minutes, but normally, they are 

very quickly removed by the wind, so that even with weak side 
wind, the capacity may be increased, as the separation bet- 
ween successive landing or starting aircraft could be dimi- 
nished without increasing the collision risk. In poor visibl- 

30 lity, aircraft could taxi on the ground at higher speed, thus 

minimizing runway occupancy time and improving the capacity. 



In Appendix X there is given an overview of some of the 
potential applications for civil aviation. 

In maritime traffic, the great problem is that many seeways 
and harbors are severely congested, presenting dangers parti- 
cularly in bad weather, and collisions may have serious 
consequences not only for the ships themselves. Also here. 
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the Invention may be very valuable. If both the maritime 
traffic and the air traffic are provided with devices accor- 
ding to the invention, each with its own allocated frequency, 
a supplementary advantage is possible. With distress at sea, 
5 a distressed ship may be permitted to break in at the air 

traffic frequency to send a MAYDAY message, likely to be 
caught by the station of an aircraft, in view of its high 
altitude. The airborne station could then break in at the 
maritime frequency and reach other ships, which cannot be 
10 reached by positional signals from the distressed ship. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 shows a schematic block diagram of a station according 

to the invention. 

Fig. 2 shows a communication processor for a station. 
Fig. 3-7 show respective flow diagrams for an exemplary 
computer program. 

20 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE IN- 
VENTION 

25 EXAMPLE 

A movable station shown in Fig. 1 comprises a unit 1 which 
keeps trace of traffic, a presentation computer 2 and a 
monitor 3 on which a pilot may survey traffic and observe it 

30 visually. Unit 1 comprises a satellite receiver 4 for the GPS 

system, which receives signals from a plurality of satelli- 
ters, which signals comprise time signals and orbital ele- 
ments. In principle, the invention is not limited to the use 
of the GPS satellites, Also the russian GLONASS system or a 

35 combination of GPS and GLONASS can be used to determine the 

position of a movable object. The Such GPS units are commer- 
cially available, e.g. the Magnavox MX 4200 from Magnavox 
Corp., USA. Therefore, nothing more needs to be said than 
that such a unit may deliver the geographical position in 
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longitude and latitude with high precision, altitude with 
somewhat less precision , and UTC time with very high preci- 
sion. Further, information on speed and course is available. 
This information is available for the communication processor 
5 5, which in its turn is connected to a transmitter-receiver 

6. The satellite receiver 4 works at 1,4 GHz, whereas the 
transmitter-receiver works at 141 MHz. 

The exemplified communication processor is shown more in 
10 detail in Fig. 2. 

The following information is sent out at each transmitting 
event • 

1 • A start flag and a code indicating spontaneous emission 
15 mode or ordered transmission mode. (8 bits) 

2. The identity code of the station. (48 bits, 8 signs each of 
6 bits) 

3. The position in longitude and latitude. (24 bits latitude 
in 1/1000 min; 25 bits longitude in 1/1000 min) 

20 4. Speed, 11 bits, 2 Kt steps. 

5. Flight direction, 12 bits, tenths of degrees. 

6. Altitude, 12 bits, 16 Ft steps. 

7. Time, 6 bits, when the transmitted values were actual (0 - 
60 sec. ) • 

25 8. Status bits, declaring advance notice of change of blocks 

etc. 

9. A control check sum. 

10. An end flag. 

30 As apparent from Fig. 2, the communication processor 5 in- 

cludes a microprocessor 10, a RAM 11, a program memory PROM 
12 and a timer circuit 13, all cooperating via a data bus 14 
and an address bus 15. For connection with further units, 
there is a serial communication circuit 16, and for trans - 

35 mission and reception a synchronous communication co-pro- 

cessor 17. The microprocessor may be a HD64180 chip (Hita- 
chi), and the co-processor a Siemens SAB 82525 (version VA3 ) • 
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Timer circuit 13, which keeps trace of the time multiplex, is 
fed from the GPS unit 4 (Fig. 1) with signals time synch- 
ronized in UTC via a lead 18 (Fig. 2), receiving a time 
signal per second and further time information from the GPS 
5 system. Drivers 19 and 20 complete for obtaining suitable 

matching of signals. 

The RAM memory 11 stores a catalogue of all received signals 
from other stations, so that identities and positions are 

10 stocked and updated. All receivable participants will be 

heard within the maximal frame, and in order not to fill the 
memory with inactual participants, such participants are 
removed if they are not heard again within a prescribed time. 
Further, information is stored about which time blocks are 

15 free. The communication processor also determines the repeti- 

tion rate of emission, dependent on density of traffic or on 
order from a central ground station. 

The microprocessor 10 works with software comprising a real 
20 time operative system, driving in different priorities a 

number of different programs: 

Program 1 reads and decodes data from a host computer, which 
may be computer 2 in Fig. 1 or, in case of a fixed control 
station, its own host. A flow diagram for this program is 
25 shown in Fig. 3. 

Progr am 2 reads and decodes data coming from the GPS receiver 
4, according to flow diagram in Fig. 4. 

Program 3 generates messages and manages transmission and 
other control features for the transceiver 6 (Fig. 1), accor- 

30 ding to flow diagram shown in Fig. 5. 

Program 4 supports the reception and decoding of received 
data messages from the transceiver, and updates the directory 
of the other users including mapping of time blocks or time 
slots as occupied, according to the flow diagram of Fig. 6. 

35 Program 5 keeps the user directory updated by removing parti- 

cipants who have stopped being heard, either because they 
have landed and shut off or because they are now beyond 
reach. Further, the own report rate is calculated, e.g. by 
calculating how many neighbors sore within a predetermined 
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distance. A lowest: transmission rate is predetermined and not 
to be fallen below of. Further, the radio channel load is 
determined. A flow diagram of program 5 is shown in Fig. 7. 

5 Presentation computer 2 fetches its data from the catalogue 

in the memory of the communication processor and manipulates 
the information, in part for the needs of the monitor, and in 
part for enabling the signaling to the pilot for action which 
may be needed. As during long hauls, the level and frequency 
10 of stimuli are low, it is difficult to keep full attentive- 

ness, and it is therefore very valuable to be able to make 
precise signals demanding attention, according to certain 
criteria (another station nearby, on its way to the own 
station, etc.). 

15 

For proper functioning, it is particularly important for all 
stations to dispose of a time base having good security. In 
the Example, this is accomplished in the timer circuit 13, 
which, receiving once per second a time pulse from the GPS 
20 unit, can synchronize the clock frequency of the processor 

within the demanded accuracy, that is, so that the time 
blocks assigned or appropriated can be held. 

It is also possible, if for some reason the GPS receiver of a 
25 station lapses, to take help from the time signals received 

from neighboring stations, including ground stations. The 
signals received by radio may be used as another plurality of 
geometrically distributed transmitters having known posi- 
tions. The accuracy of the position would of course suffer. 
30 It is then preferred to include in the message an information 

that the position information is less accurate. Should the 
GPS satellites fail for some reason, an unlikely event, the 
system may still work to a limited degree as long as the 
plurality of ground stations can keep a common time, e.g. 
35 with accurate clocks which might be calibrated from a chosen 

satellite out of the geostationary satellites in existence. 



It is necessary, in order to make the present system useful 
as a worldwide system, that a common protocol is used for 
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frequencies to be used as well as for the disposition of for 
example time blocks and frames. The present Example can 
therefore only be seen as a non-limiting example of the 
application of the invention, as will be readily understood 
by the man of the art. 
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CLAIMS 



10 



15 



20 



25 



30 



1. A position indicating system including a population of 
simultaneously participating movable stations, each station 
knowing its geographic position through the reception of 
signals from a plurality of geometrically distributed trans* 
mitters having known positions, each participating station 
having a transmitter for the emission in a common radio chan- 
nel, of signals indicating its own geographic position, 
memory means being arranged for the memorization of received 
information from other participating stations, 
characterized in that each movable station has 

a) a time base accurately controlled by time signals from 
said plurality of geometrically distributed transmitters, 
said time base defining time blocks which are normed, enume- 
rable and form a common, accurate, predetermined, repeating 
maximal frame, 

b) means for occupying a free time block in each maximal 
frame and for autonomously transmitting therein of a position 
signal in the common radio channel, 

2. A position indicating system of claim 1, characterized in 
that said common radio channel has a frequency so determined 
that its range of detection is substantially limited to the 
line of sight, said plurality of geometrically distributed 
transmitters comprising satellites emitting time signals, 
each participating movable station having means for calcula- 
ting its geographic position and an absolute time for up- 
dating its time base using said emitted time signals. 

3. A position indicating system of claim 2, characterized in 
that said movable stations are arranged in aircraft distribu- 
table around the earth. 



4. A position indicating system of claim 3, characterized in 
means in each movable station for sensing a transmission 
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order signal from a ground station and for discontinuing said 
autonomous transmission on reception of said order signal and 
then transmitting in a ground station ordered mode, in t ime 
blocks indicated by said ground station. 

5 

5. A position indicating system of claim 3, characterized in 
that each movable station is provided with means for a syste- 
matic relocation of time block used, means comprising memory 
means for registering free time blocks in said maximal frame, 
10 in which no transmission from other stations is detected, 

said means for relocation selecting at predetermined inter- 
vals a new unoccupied time block for its transmission in the 
maximal frame. 



15 6. A position indicating system of claim 5, characterized in 

that before transmission in a new selected time block, each 
station signals in its presently occupied time block its 
intention to switch to said new unoccupied block. 

20 7. A position indicating system of claim 5, characterized in 

means in each movable station, when no unoccupied time block 
is detected, for appropriating a time block in use by a 
geographically remote movable station. 

25 8. A position indicating system of claim 1, characterized in 

that each movable station has means for determining the 
geographical distance to its nearest neighbour movable sta- 
tion, and means for determining as a function of said distan- 
ce of the number of time blocks in which to send in each 
maximal frame, for diminishing the load on the common radio 
channel • 



30 



9. A position indicating system of claim 1, characterized i n 
means for using the signals from neighbouring stations in- 
35 stead of one or more of said plurality of geometrically 

distributed transmitters in satellites for determining own 
position when said signals from satellites are unreceived. 
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10. A position indicating system of claims 4 and 9 in com- 
bination, characterized in that said ground stations are 
provided with exact clocks for enabling the emission of 
synchronized signals in case of failure of the said satelli- 

5 tes. 

11. A positioning station for a position indicating system, 
which station comprises a GPS satellite signal receiver 
arranged to deliver the geographic position, and a trans- 
it) ceiver for transmitting said geographic position in a radio 

channel, characterized in comprising a communication pro- 
cessor (5) connected to said satellite signal receiver (4), 
and to said transceiver, said radio channel being of a frequ- 
ency having a physically limited range, 

15 said communication processor comprising a time base (13), a 

time synchronization connection between the time base and the 
satellite receiver, a microprocessor (10), a RAM memory (11) 
for collecting position signals received by the tranceiver in 
time blocks determined by the time base, a program memory 

20 (12), a data bus (14), an address bus (15), means for accoun- 

ting of position messages received from neighbouring stations 
and taken from said RAM memory, and means for transmitting in 
an autonomous mode of own position signals to said tranceiver 
for their emission in time blocks unoccupied by other sta- 

25 tions . 



12. A positioning station of claim 11, characterized in that 
said range for the radio channel is substantially limited to 
the line of sight. 

30 

13. A positioning station of claim 10, characte rized in 
means for sensing ground station order signals from a ground 
station and for transmitting after the reception of such an 
order signal of position signals in the radio channel merely 

35 as ordered from the ground station, instead of an autonomous 

sending mode. 
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